The aerobic oxidation of 2-oxoethyl-substituted cyclic 1,3-dicarbonyI compounds 2, 6, 8 with diarylethenes 1 was carried out in the presence of a catalytic amount of manganese(III) acetate to produce the structurally unique trioxa[4.4.3]propellanes 4, 7, 9, selectively, in good yields.
terms of generating compounds with new biological activities. Recently, we reported that the oxidation of a mixture of 1,1-diarylethenes 1 and 3-(2-oxoethyl)piperidine-2,4-diones 2 with manganese(III) acetate in acetic acid at reflux temperature gave the azadioxa [4.3.3] propeIlanes 3 in high yields (Scheme l).
7 Surprisingly, we found a small amount of the unique azaendoperoxypropellane 4 in the reaction mixture even under reflux reaction conditions. 8 Although the formation of 4 was avoided by removing the dissolved molecular oxygen in the reaction solvent, we were very interested in the endoperoxypropellanes 4 as an attractive synthetic target since the endoperoxide skeleton is found in metabolites and biologically active substances, for example, naturally occurring artemisinin, which is a well-known potent antimalarial agent. 9 In addition, a wide variety of natural nitrogen-containing propellanes has also been isolated and synthesized. 10 Therefore, we focused on the selective synthesis of trioxapropellanes, especially the azatrioxapropellanes.
1 '
First, we adopted the usual aerobic oxidation conditions® for the reaction of ethene 1 (R 1 = Ph) with 3-(2-oxoethyl)piperidine-2,4-dione 2 (R 2 = Ph, R 3 = Et). After chromatographic separation, the desired azatrioxa[4.4.3]propellane 4 was isolated in 47% yield (Scheme 2). However, a ring-opened hydroperoxide intermediate was also formed (19%) . Therefore, to convert the hydroperoxide into 4, the reaction mixture was heated at 100 °C for 30 min after the aerobic oxidation, giving only 4 in 66% yield (Table 1 , entry l). 12 A similar reaction of other combinations of the 1,1-diarylethenes 1 (R 1 = Ph, 4-Me-C 6 H4, 4-MeO-C 6 H", 4-Cl-C 6 H 4 , and 4-F-C 6 H4) with the 3-(2-oxoethyl)piperidine-2,4-diones 2 (R 2 = Ph, 4-Me-C 6 H 4 , and 4-CI-C 6 H 4 ; R 3 = Bn, Me, Et, Pr, ;-Pr, and Ph) was investigated and the corresponding azatrioxa [4.4.3] propellanes 4 were selectively produced in moderate to good yields except for entry 4 (Table 1 ). For the reaction of the alkene 1 having a 4-methoxyphenyl group at R 1 , 3,3-bis(2-oxoethyl)piperidine-2,4-dione 5 (83%) was mainly isolated rather than 4 (11%) after the work-up (Scheme 2). It was considered that the cyclic peroxide 4 bearing the electron-donating group would be sensitive to the acidic solvent during heating, and therefore, easily rearranged to give the thermodynamically stable 5 and the corresponding phenol. 8 ' 13 This problem was avoided by the reaction which was carried out at room temperature in air until the alkene 1 (R 1 = 4-MeO-Cy-Li) was completely consumed followed by rapid quenching with water (entry 4). (H-13) appeared at <55.13 (1H, s). In the 13 C NMR spectrum, the characteristic downfield peak revealed at <5 111.8 ppm was assigned to the C-l quaternary ketal carbon together with an amide carbonyl carbon (<5 169.3 ppm) and an sp 2 carbon (C-12) attached to the furan oxygen (δ 156.3). The quaternary carbon (C-4) connected to the endoperoxy oxygen and the quaternary carbon (C-6) at the ring junction also appeared at <586.0 and δ 54.7 ppm, respectively. In addition, all the peaks in the NMR spectra were correlated by the H-H COSY and H-C COSY spectra. Furthermore, the positive FAB mass spectrum and the elemental analysis agreed with the molecular formula.
14 As we have established the optimum conditions, we applied the endoperoxypropellane formation to various cycloalkane-l,3-diones 6 and 4-hydroxy-1 W-quinolin-2-ones 8. The oxidation of 2-(2-oxo-2-phenyIethyl)cyclohexane-l,3-dione (6) 15 with 1,1-diphenylethene (1) using a catalytic amount of manganese(III) acetate at room temperature gave the corresponding trioxa[4.4.3]propellane 7 (R 2 = Ph, R 3 = R 4 = H) in good yield after stirring for 30 min (Scheme 3 and Table 2 , entry 1). In this case, a longer reaction time led to decomposition of the propellane 7 and decreased yield (entry 2). The reactions using other 2-(2-oxoethyl)cycloalkane-l,3-diones 6 15 were carried out under similar aerobic oxidation conditions that successfully produced the desired propellanes 7 (entries 3-5). 16 For the reaction of 4,4-dimethylcyclohexane-l ,3-dione 6 (R 2 = Ph, R 4-Hydroxy-3-(2-oxoethyl)-l#-quinolin-2-one 8 gave the azatrioxapropellane 9 together with a considerable amount of the hydroperoxide intermediate 10 (Scheme 3 and Table 2 , entry 6). 7, 18 When the reaction was quenched by adding water without heating, the hydroperoxide intermediate 10 was isolated in 76% yield (entry 7). The isolation of the stable hydroperoxide intermediate 10 could be explained by our previous studies. 81-' 9 A similar reaction using quinolinone derivatives having no substituent at the 3 position yielded the stable 3,3-bis(2-hydroperoxyethyl)-l//-quinolin-2,4-diones.
8 " Barbituric acids and pyrazolidine-3,5-diones also provided the stable 5,5-bis(2-hydroperoxyethyl)barbituric acids 19 * and 4,4-bis(2-hydroperoxyethyl)pyrazolizine-3,5-diones,' 9bc respectively. The unusual stability of the hydroperoxy group turned out to be the intramolecular hydrogen-bonding between the hydroperoxy group and the carbonyl oxygen based on the X-ray crystallographic analysis. 8 *"' In fact, the absorption band of the amide carbonyl group of 10 appeared in an extremely low wavenumber (1636 cm' 1 ) in the IR spectrum.
A similar reaction of the 3-oxopropyl substituted cycloalkanediones 11 and quinolinone 13 was next investigated. 20 However, the oxopropylderivatives 11 and 13 failed to give any of the desired propellanes, only the intermediate l,2-dioxan-3-o!s 12 and 14, respectively, in quantitative yields (Scheme 4, Table 3 ). 21, In order to convert 12 into the corresponding propellanes, the intermediates 12 were treated in acetic acid in the presence of manganese(II) acetate under various reaction conditions. However, the reaction became messy and the corresponding propellanes were not detected. The adoption of the 3-(4-chlorophenyl)-3-oxopropyl substituent in 11 had little influence on the reaction (entry 3). In marked contrast to these oxidations, 3-(3-oxopropyl)coumarin 15 quantitatively produced 3-(2-oxoethyl)-3-(3-oxopropyl)chroman-2,4-dione 16 (99%) after a 1-h stirring along with generating of phenol under similar conditions (Scheme S 
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Scheme-4 Scheme-S Table 3 . Reaction of 1,1-Diphenylethene (1) with Cycloalkane-l,3-diones 11 and 4-Hydroxy-l//-quinolin-2-one 13 in the Presence of Manganese(III) Acetate" We believe that the mechanism of these trioxapropellanes involves the initial formation of a manganese(III)-enoIate complex A by ligand exchange of the cyclic triketones such as 2, followed by electron transfer from the electron-rich aikene 1 to the manganese(III)-enolate complex to produce the carbon radical Β (Scheme 6). 25 Trapping with the triplet molecular oxygen produced the peroxy radical C, which would be reduced by manganese(II) species in the reaction mixture to produce the peroxy anion D. 8bc Cyclization at the most favorable position of the carbonyl results in the equilibration of the endoperoxide anion E. Subsequent attack of the anion Ε on the terminal carbonyl gives the propellane 4 via dehydration.
In summary, we have accomplished the selective synthesis of the azatrioxa-4, 9, and trioxa-[4.4.3]propellanes 7 by the manganese(III)-cataIyzed autoxidation of the 1,1-diaryIethenes with cyclic 1,3-dicarbonyl compounds having an oxoethyl substituent. The reaction is very simple and convenient, and done under mild reaction conditions. 
